
SENATE No. 4.

Office op the State Board of Health,
13 Beacon Street, Boston, Jan. 10, 1887.

Hon. Halsey J. Boardman, President of the Senate.

Sir : I have the honor to present to the Legislature the
Report of the State Board of Health, required by the pro-
visions of section 1 of chapter 274 of the Acts of 1886,
entitled “ An Act to protect the Purity of Inland Waters.”

Respectfully, your obedient servant,

SAML. W. ABBOTT,
Secretary of the State Board of Health.

Commomocaltl) of ittaosacljusctts.
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Report of the State Board of Health, required by Section 1
op Chapter 274 of the Acts of 1886.

Under the provisions of chapter 274 of the Acts of 1886,
the State Board of Health entered upon the work required
by the act, July 9, 1886, and subsequently appointed the
following engineers:

Joseph P. Davis, Consulting Engineer.
Frederic P. Stearns, .... Chief Engineer.
X. H. Goodnough, Assistant Engineer.

By the provisions of chapter 86 of the Resolves of 1886,
the plans, papers, instruments and other property of the
Commonwealth, in the possession of the Massachusetts
Drainage Commission, were turned over to the State Board
of Health. Among the property thus transferred are maps
and plans of the various portions of the State embraced in
the Report of the Drainage Commission. These have been
arranged, and with the plans which have come into the posses-
sion of the Board since July 9, are now indexed and con-
veniently arranged in the rooms of the Board. These, with
the recorded results of the surveys, and examinations made
from time to time by the State Board of Health and by the
State Board of Health, Lunacy and Charity, constitute a
very valuable collection of material relative to the various
water systems of the Commonwealth.

It is too soon to point out all the far-reaching consequences
of the legislation contained in the act above named. But
we are more convinced from day to day of the necessity
of some control of the questions of water supply and
drainage, so removed from individual towns and cities, as to
be able to consider dispassionately the interests of all parties
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who may be affected by the creation of a water supply or a
system of sewerage.

So far as the determination of these questions rests with a
city or town, the decision must necessarily be a selfish one.
The management of sewerage systems in our various rivers
is a marked instance of this limited view of problems which
affect the sanitary condition of large communities. It would
be safe to say that not one of the towns draining into the
Charles River has cared very much for what might result
from the deposits of foul matters in the lower basin of that
river, and yet these same communities have been much dis-
turbed at pollutions of the stream above them, either by
other municipalities, or by corporations or by individuals.
This selfishness is not a subject of complaint: it is the con-
dition of prudent municipal administration, and must be
controlled by some authority representing the interests of
the whole district concerned.

The State has decided that, for the present at least, this
Board shall represent those general interests, and the follow-
ing brief statement of the questions actually submitted to
the Board will show their character :

1. The sewerage of the village of the town of Medfield.o • o

2. The sewerage of the town of Winthrop.
3. The sewerage of the town of Orange.
4. The construction of a drain for a portion of the city of

Brockton.
5. The sewerage of the city of Taunton.
6. The sewerage of the town of Bradford.
7. The water supply of the town of Bradford.
8. Certain questions relative to the water supply of

Boston.
9. Questions relative to the pollution of a pond in the

town of Westport.
10. The sewage disposal of the town of Stoneham.

A detailed statement of the work done, and the conclu-
sions arrived at, by the Board in each of these cases will be
found in the Engineer’s Report, which is appended hereto.

It will be noticed that several of the questions submitted
to the Board relate to two rivers, not included in the pro-
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visions of chapter 80, section 90 of thePublic Statutes, the
Merrimack and the Connecticut, and yet the first named of
these streams is the water supply of Lowell and Lawrence.

By the analyses of Merrimac River water, made in 1873,
1879 and 1880, we find that in 1873, when the amount of
impurity in the water was sufficiently small to allow the
water of the river, both at Lowell and at Lawrence, to be
accepted as good drinking-water, the impurities then added
by the sewage of Lowell and the refuse from the factories
were so modified by flowing nine miles, and by being diluted
by the increase in quantity of water, due to an increase of
one-seventh of the drainage area, that the water at Lawrence
above the city was as good as that above Lowell; but in
1886 we find that, with substantially the same quantity of
water flowing in the river, the percentage of impurities from
animal and vegetable putrefaction, as shown by the “albu-
minoid ammonia,” has increased above Lowell by 36 per
cent., and above Lawrence by 57 per cent. ; and that the
impurities poured into the river at Lowell are now greater
than the exposure to the air in flowing nine miles and the
increased dilution can overcome, leaving the water above
Lawrence with 12 per cent, more of impurities, due to
animal and vegetable putrefaction, than that above Lowell,
and 57 per cent, more than it contained when the water
works were established at Lawrence, and now approximating
the undetermined border line beyond which the water would
be unfit for drinking.

These results were obtained in September and October,
when the quantity of water flowing in the river was about
double the minimum quantity known to flow during a
week of severe drought.

At times of drought, and during the winter when the river
is covered with ice, and the water having received the sew-
age of Lowell is not exposed to the air until it reaches the
reservoir of the Lawrence Water Works, the percentage of
impurities is probably increased notably above that given by
the table; but of these conditions we have no analyses.

In considering the duties of the Board, under section 2 of
chapter 274 of the Acts of 1886, we have concluded that the
interests of the public require that, for one year at least,
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chemical and, Avhen necessary, biological examinations
should be made once a month, of all waters supplied for
domestic purposes, by water boards, water commissioners
and water companies within the State ; and that thereafter
such examinations should be made at intervals not exceeding
six mouths.

It is only by such a series of examinations, including the
varying circumstances of the year, together with exact data
concerning the sources of pollution, that the Board can
determine to what extent the different sources are becoming
polluted, and be enabled to study the measures necessary
for prevention.

In considering the table of analyses of the Merrimac
River water still further, we find that, although polluted by
the factories of Lowell and Lawrence, and such sewage as
was then discharged, the analyses of 1873 showed the water
above Bradford and Haverhill to be as good as that above
Lowell; but this result no longer obtains, for the analyses
of 1886 show the water above Bradford to have 34 per cent,
more impurity than that above Lowell, and 81 per cent,
more than it had in 1873, rendering it, unquestionably, an
untit source for the domestic water supply of Bradford.

This result is not unexpected; the same result has hap-
pened to every watercourse in the State which lies in the
midst of a populous and growing district. A gradually in-
creasing mass of pollution suddenly reaches a point at which
the stream is no longer able to neutralize it, either by dilu-
tion or by any of the so-called processes of oxidation ; and
a condition of things may be arrived at as disgusting as that
of the Blackstone at Millbury, or of Alewife Brook in Cam-
bridge and Somerville, or of the North River at Salem.

In no one of these instances was the introduction of sewage
a nuisance originally, and in no one of them would it have
been possible to say in advance just where the saturation
point would be reached.

The only method thus far for determining the purity of
water has been by chemical analysis; recent investigations
have, however, shown many defects in the processes in use,
and the attempt has been made to examine by the micro-
scope, or by other methods known to trained observers, the
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lower forms of life, which are present at all times in waters
in a natural state.

It seems to this Board, as has already been said, very im-
portant that examinations of the various water supplies of
the State should be made by the best-known methods at
regular intervals, both for the purpose of assuring to the
various cities and towns all the certainty derivable from this
source as to the healthful condition of their drinking-water,
and also with the hope ofarriving at some more definite in-
formation as to the substances constituting the harmful
element and the best means of detecting them.

O

The results to be attained by such an expenditure could
undoubtedly be secured at an expense much less than that
which would be incurred by the various companies acting
independently; and it would be fair to assume that uni-
formity in the scientific methods employed, and regularity in
the seasons of examination, would give results of much
greater value than any hitherto obtained.

The most important of the recommendations of the Massa-
chusetts Drainage Commission were those looking to the
disposal of sewage by irrigation fields. The Board is not
yet in condition to add anything to what has already been
written on the subject, but believes that, with sufficient
money to carry on experiments with scientific accuracy at
some one of the public institutions of the State, where favor-
able conditions can be secured, very much can be learned
upon this subject. The very limited investigations that
have heretofore been made elsewhere have been carried on
under conditions so different from those here prevailing, as to
deprive them of a great part of their value for our purposes.
The cost of land suitably situated for irrigation purposes,
near any thickly settled community, is becoming so great,
that definite knowledge as to the area of land required for
the purpose is a matter of very great financial importance.

The Blackstone River.
On the 15th of July the Board visited Worcester, and

followed the course of Mill Brook and the Blackstone River
to Millbury. It was a foul stream, and unquestionably
detrimental to the health of the inhabitants of the valley ;
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and for the protection of the public health, the Board would
deem it necessary, under section 1 of chapter 274, to recom-
mend legislation and plans for delivering the community
from this nuisance, had not the last General Court already
directed the purification of the stream.

Recommendation.
In order to make the series of examinations above out-

lined, including monthly analyses of all waters used for
domestic supply in the State, and biological examinations of
certain waters injuriously affected by animal life, together
with chemical analyses of other inland waters, to conduct
contemplated experiments upon the purification of sewage
and refuse from industrial establishments, to make the
necessary investigations in order to advise cities, towns,
corporations and individuals in regard to the best method
of assuring the purity of intended or existing water
supplies, and the best method of disposing of their sewage,
and to carry out the other provisions of chapter 274, the
Board estimates that the sum of $30,000 will be required.

HENRY P. WALCOTT, j
ELIJAH U. JONES,
JULIUS H. APPLETON,
THORNTON K. LOTHROP, I staJe Bwu'd

\ of Health.

FRANK
(
W. DRAPER,hiram'f. mills,

JAMES WHITE,
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State Board of Health, 13 Beacon Street.

To H. P. Walcott, M.D., Chairman State Board of Health.

Sir : Under the authority given you by chap. 274, Acts of
1886, entitled “ An Act to protect the purity of inland waters,”
I was appointed Chief Engineer of your Board, and assumed the
duties of the position September 1. At about the same time Mr.
Joseph P. Davis was appointed as Consulting Engineer, and
Mr. X. H. Goodnough as assistant.

This report covers the first four months of the practical operation
of the act, from Sept. 1 to Dec. 31, 1886.

The principal duties of the Board, as contained in the above
mentioned act hereto appended, ma}’ be stated concisely as
follows :

1. To have the general care and oversight of inland waters.
2. To have the custody of maps, plans, etc., made for this pur-

pose.
3. To recommend legislation and suitable plans for systems of

main sewers.
4. To cause examinations of thp waters of ponds and streams

to be made.
5. To recommend measures to prevent the pollution of waters.
6. To conduct experiments on the purification of drainage.
7. To conduct experiments on the disposal of manufacturing

refuse.
8. To consult with and advise the authorities of cities and

towns, or with others, with reference to water supply and drainage.
9. To consult with and advise manufacturers with reference to

the disposal of manufacturing refuse.
10. To bring to the notice of the Attorney Generalall omissions to

comply with existing laws.
The act further provides that authorities of cities and towns, and

all others intending to introduce systems of water supply or sewer-
age, shall submit to the Board outlines of their proposed plans or
schemes in relation to these subjects; and that manufacturers
intending to engage in any business, drainage or refuse from which

REPORT OF THE ENGINEER.
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may tend to cause the pollution of an} - inland waters, shall also
give notice to the Board of their intentions.

Such of the duties of the Board as have required special attention
in the past four months will now be considered.

Custody of Flans.

The valuable plans relating to the drainage of the Charles,
Mystic, Blackstoue and Neponset valley’s, recently made under the
direction of the Massachusetts Drainage Commission, as well as
the plans of earlier drainage commissions, have been placed in the
custody of this Board. Fifty-one of these plans have been mounted
on cloth to make them more durable, and all of them a total of
370 have been rearranged and placed in portfolios and plan
cases with the view of preserving them and making them more ac-
cessible. A card catalogue of them is nearly finished.

Examination of Waters.
One of the sources of water supply’ submitted to the Board for

its advice was the Merrimack River at Bradford. At the time that
analyses of the river water at this place were made, other samples
were taken above and below Lowell, and above and below Law-
rence. The series taken the first day’ was repeated about two
weeks later under nearly the same conditions. Other samples were
taken on Sunday, when, the mills being shut down, the flow of
water was small. The determination of the degree of pollution of
a large river like the Merrimack, which carries a large volume of
water in proportion to the amount of sewage and other refuse put
into it, is a somewhat difficult problem. The amount of impurity
in the water in its natural state varies greatly in a comparatively
short time,— often as much as the whole amount of impurity added
by a large city’. This statement refers to the amount of impurity'
as determined by chemical analysis, and not to its deleterious
qualities.

The volume flowing in the river, and consequently the degree of
dilution of the sewage, varies largely. Even during twenty-four
hours of the low water of summer, the volumes flowing below
Lowell and Lawrence in the day, while the mills are running, are
several times as great as during the night. After the mills stop,
the domestic sewage from the cities continues to flow for several
hours into a diminished volume of river water.

The sewage ofa city generally flows into a river from one side, and
only after flowing a considerable distance does it become thoroughly
mixed throughout the whole volume of water. Perfection in the
method of taking samples for analysis would be reached if every part
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Table No. I.— Chemical Examinations of Merrimack-River Water in 1886.

[Results expressed in parts per 100,000.]
- - “ - " ' —— ”

"

=

Kesiduk.
Number. Date. j Locality. i Ammonia. ! Albumin°w Ohio- Hard-

I | Ammonia, rine. j plxe(J Vola- | To,a]_ nen.

1 1 • ■ • Friday, Oct. 1, 1886, . .) ] 0.0040 0 0190 0.35 1.8 2.4 [ 4.2 1° CO
i 22. • • • “ “ “ . .1 At about3P.M., I 0.0022 0.0168 0.35 1.7 2.2 I 3.9 1°Av. 1& 2, .

“ “ “ . [ Above Lowell, opposite Fil- 0.0031 0.0179 0.35 1.75 2.3 I 4.05 1°*3=,. . . Wednesday, Oct. 13, 1886,1 ter Inlet of Water Works, 0.0040 0.0154 0.35 2.1 1.9 I 4.0 11° Tj*4". ■ “ “ “ \At 10.30 A.M., . 0.0022 0.0106 0.35 2.2 2.1 | 4.3 1° f 1Av. 3& 4, .

“ “ “ J J 0.0031 0.0130 0.35 2.15 2.0 | 4.15 1° h*
15 . .

. Friday, Oct. 1, 1886, . . ] 0.0002 0.0186 0.40 2.1 2.5 4.6 1° >

IS 6
’- • “ “ “ • 'I At about3PM 0.0036 0.0186 0.40 2 - 3 '-9 4- 2 1° g

+ 7 2, . . .

“ “ “
. .f A about3r -M., 0-0002 0.0198 0.40 2.6 2.1 4.7 1° MAy. 5,6 &7, “ “ “
•

■( 0.0013 0.0190 0.40 2.33 2.17 4.5 1°
* 8 • • • Wednesday, Oct. 13, 1886,1 Below Lowell and below 0.0058 0.0144 0.35 2.6 1.9 4.5 1° rrj*

? 7 ) ■ • ■ “ “ “ lAt 11 ’to AM Hunt’sFalls, opposite Dr. 0.0048 0.0182 0.40 2.7 1.8 4.5 U° wl
*lO 8

. ■ • ! “ “ “ 1 ’ ’ Pillsbury’s boat-house, . 0.0060 0.0162 0.40 3.0 2.2 5.2 U° Z*Ay-8,9& 10, , “ “ « J 0.0055 0.0163 0.38 2.77 1.97 4.74 11-3° <
+ ll 4 > • • Sunday, Oct. 17, 1886, . 1 0.0004 0.0252 0.40 3.0 2.2 5.2 U° H
+ 123. ■ • | “ “ “ .Ut 10 A.M., . 0.0064 0.0176 0.40 4.2 3.7 7.9 21° fflAv. 11& 12, . J 0.0034 0.0214 0.40 3.6 2.95 6,55 2° >

C Above Lawrence, about 800 1*l3 ”, . . I Friday, Oct. 1, 1886, at 5.15 P.M., . .
. feet below the Water-1 0 0038 0.0256 0.40 3.6 1.7 5.3 IJ°

™

( Works Pumping-Station, j
*li 4, . . Wednesday, Oct. 13, 1886,) 1 0.0084 0.0164 0.40 3.0 1.9 4.9 i IJ° , ,
*l5 3, “ “ “ U.30P.M., . 0.0082 0.0166 0.40 2.6 2.0 4.6 I 14°Av. 14 & 15, “ “ « I 0.0083 0.0165 0.40 2.8 1.95 4.75 1 1-2° P
116 s

, . . Sunday, Oct. 17, 1886, . 1 0.0060 0.0136 0.45 2.7 2.5 5.2 ! ?



Vv 1C v' 1“ “ “ «
•lAt S P.M., . | Al)ovc Lawrence, opposite 0 I!S n n°iLK o2A I 1 i do ~A\. 1(> «.v 1i 9 . • ) v. e»w. Pumninp--Stntion and G*oo(>-5 0.01.>(> 0.45 2.55 2.45 5.00 I 1 1-2°

+ 18>, .
• Monday, Oct. 18, 188(5, . ( ptoi TeTsfand d °- 0066 00132 °- 4() 2.4 2.6 ! 5.0 U° <»

f 19 4
,

. . “ “ “ .[At7 A M, . i ,)elow the lblana> • • 0.0080 0.0134 0.40 2.5 2.4 4.9 11P3

Av. 18 & 19, “ “ “ ■) 0.0073 0.0133 0.40 2.45 2.5 4.95 1 1-2° •

1 20' “ “ “ .) i 0.0080 0.0188 0.40 2.4 2.5 4.9 U°
1 21 4, “ “ “ .>At 0 P.M, . , 0.0070 0.0158 0.40 2.6 2.3 1 4.9 1 li°
Av. 20 & 21, “ “ “ J I 0.0075 0.0173 0.40 2.5 2.41 4.9 1 1-2°

*a
+22 1, . . Friday, Oct. 1, 1886, .) 1 0.0044 0.0326 0.45 3.6 19 i 5.5 U°+23 2, . , •• .1 At 4.35 P.M, . 0 0064 0.0328 0.45 3.5 1.3 4.8 l|°
Av. 22 & 23, “ “ “ I 0.0054 0.0327 0.45 3.55 1.6 1 5.15 1 1-2°
*24 4

.
. Wednesday, Oct. 13, 1886, ) Below Lawrence and above 0.0058 0.0192 0.40 | 3.0 2.0 j 5.0 ! I.l°

* Djj s’ “ “ “ At 4 P.M, .j- the mouth of the Shaw- 0.0260 0.0296 0.40 j 2.9 2.8 j 5.7 j 14°
Av. 24 & 25, “ “ “ J shine River, . . . 0.0159 0.0244 0.40 2.95 2.4 j 5.35 I 1 1-2° „

+26 3, . . Sunday, Oct. 17, 1886, .) 0.0130 0,0156 0.50 3.2 2.2 1 5.4 IIP
+ 27 4

.

. “ “ “ .VAt 5 P.M, . 0 0272 0.0168 0.55 3.1 2.7 5.8 I 14° S
Av. 26 & 27, “ « “ .J J 0.0201 0.0162 0.53 3.15 2.45 5.6 111-2°

*2B 10 . Friday, Oct. 1, 1886,at 12 M 1 0.0002 0.0252 0.45 3.3 2.9 6.2 IJ° H
*99 s

’

. . Wednesday, Oct. 13, 1886,) 0.0104 0.0210 0.40 3.4 2.2 5.6 14° W
*30 4 . . “

“ “ \At5 15 P.M, . 0.0104 0.0208 040 3.0 2.3 5.3 l|° 1
Ay. 29 A 30, « “ “

Above Haverhill, about one °fSi 3f,° 2”f 3 lj-a ° '
31 », . . Saturday, Oct. 16, 1886, . I u , B&M R R

°- 0046 °-0164 °' 4o 3 - 3 2 -° 5 -3 x h
32 4 . “ “ “ .V At 5.15 P.M, . 1 n ’ilw 0 0064 0.0180 0.45 3.3 2.6 5.9 U° O

Av. 31 & 32, “ “ “ ■] 1 ... 0.0055 0.0172 0.45 3.3 2.3! 5.6 11-2°
33 s . . Sunday, Oct. 17, 1886, .) 0.0098 0.0198 0.45 2.7 2.0 ! 4.7 11° 0+
34 <

“ ' “ “ .\ At 4.50 P.M, . | 0.0042 0.0192 0.45 3.8 2.2 6 0 ll°
Av. 33 & 34, “ “ “ J J 0.0070 0.0195 0.45 3.25 2.1 5.35 1 1-2°
* 35., . . Friday, Oct. 1, 1886, at 1 P.M, . . . | B'paper^Hll' hlU’

°PP °Slte J 0.0036 0.0248' 0.45 3.1 2.1 5.2 14°
I \_ I

Chemists’ Note. All showed considerable charring on ignition of residues, were free from nitrates, clear, odorless and of slight color.
* Indicates that samples were taken by Engineers of Board.
t Indicates that samples were taken under the direction of Hiram F. Mills, engineer of the Essex Company, Lawrence, Mass., and a member of this Board,
t Indicates that samples were taken under the direction of Geo. E. Evans, City Engineer, Lowell, Mass.: of North half of river. - Middle of South half of

river. Taken in all parts of North half of river. 4 Taken in all parts of South half of river. r > Middle of river. 0 Taken in all parts of theNorth third of river. 7 Taken
in all parts of the Middle third of river. 8 Taken in all parts of the South third of river. 0 Taken 10 feet from the shore, North side of river. 10 Taken from the shore,
South side of river.
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of the stream contributed to the sample a quantity proportionate to
the volume passing that part. Practically this condition can be ap-
proximately fulfilled by dividing the width of the stream into two or
three parts, each carrying approximately equal volumes, and filling a
bottle from eacli of these divisions, taking water from differentparts
of them in proportion to the depth and velocity of the stream. It
was found that very satisfactory samples could be taken from a boat
by holding the neck of the bottle below the surface of the water, and
allowing it to fill while the boat was being rowed across the stream ;

the speed of the boat being decreased where the water was deep to
allow a larger quantity of water to enter the bottle from these
places. Most of the analyses given in the accompanying table
were made from samples taken in this way. Table No. I. shows
theresult of each analysis ; and also, in bold-faced type, the average
analyses of each group of samples taken at the same time and place
in different parts of the width of the stream.

The volumes of water flowing in the river past Lawrence on the
days when samples were taken are given below. The figures of
day and night flow were kindly furnished by Hiram F. Mills, C. E.,
engineer of the Essex Company, Lawrence, and member of the
Board. The mean rate of flow during 24 hours has been esti-
mated for working days upon the basis that the day flow is con-
stant for 11 hours and the night flow for 13 hours.

! Volume Flowing in the River in Cubic
Feet Per Second.

DATE. j
!

, PreviousDay- Night. Mean.

Friday Oct. 1, 1886, .... 4700 1246 2829
Wednesday Oct, 13, 1886, . . . 34 90 1188 2216
Sunday Oct. 17, 1886, . . . 3 00 7 89 5 44
Monday Oct. 18, 1886, ... 39 20 5 66 2103

Estimates show that the amount of sewage now put into the
river at Lowell contains enough solid matter in solution to increase
the amount in the Merrimack River to an extent that can be easily
detected by chemical analysis ; providing proper samples can be
obtained of the water before it reaches Lowell, and of the same
water after it has been contaminated; and provided also that the
soluble matters are not lost by oxidation, or otherwise, before
reaching the point where the sample is taken.

The analyses here given show, as no previous ones have done, a
marked increase in the impurity of the water going down stream;
they also show, judging by the amount of “ albuminoid ammonia,”
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a much greater pollution than in the years 1873 and 1879, when
other analyses were made. This may be seen by referring to
Table No. 11., which shows in a condensed form the results obtained
in these different years. The analyses are grouped to show readily
by comparison the variations from time to time; the results on
different years are printed in different kinds of type to facilitate a

comparison of the variations from place to place at the same time.
The distance between points above and below Lowell where

samples were taken in 1886 is about three and a half miles.
AVithin this distance the river receives the refuse from the mills,
the sewage of tire city of Lowell (population in 1873, 46,000 ; in
1879, 58,000; in'lBB6, 65,000), and the (low from the Concord
River and Beaver Brook, which combined have a drainage area
about one-eighth as large as the Merrimack River at Lowell. In
the latter part of the distance, the water flows over some rapids
known as Hunt’s Falls, falling about eleven feet.

From the sampling place below Lowell to above Lawrence the
river flows without noticeable fall, and receives very little addition
to its volume. From above to below Lawrence the distance is 1:1
miles. In this distance the water falls about thirty feet, is in-
creased in volume from one to two per cent, by the addition of the
Spicket River and receives the drainage from the mills and from
the city of Lawrence. The population of Lawrence in 1873 was
33,000; in 1879, 38,000; in 1886, 39,000.

From the place of sampling below Lawrence to the one above
Haverhill is six and three-quarter miles. In this distance the
Shawshine River adds one or two per cent, to the volume of the
larger river, and the water falls a few feet at rapids.

SENATE No



Table No. ll.—-Chemical Examinations of Merrimack-River Water in 1873, 1879 and 1886.
[Results expressed in parts per 100,000.]

£ 3 i a Residue. »

2 C sa 55 S
§ .22 2 . |S 2 2 I 2 I I 5
E < = Fixed. | Volatile. | Total. ,2

Mean of 11 examinations above Lowell, July to December, 1873, . . 0.0047 0.0114 \ 0.14 2.37 1.73 4.10

« 2 “ “ “ September 10, 1879, ... 0 0047 0.0131 0.40 2.00 2.50 4.50

« 4 “ “ “ October, 1886, .... 0.0031 0.0155 0.35 1.95 2.15 4.10 1°

“ 7 “ below “ September, 1873, .... 0.0038 0.0198 0.20 2.64 2.39 5.03
« 6 “ “ “ October, 1886, .... 0.0034 O.OITO 0.39 2.55 2.07 4.02 1 1-0°

“ 12 “ above Lawrence, September, 1873, . . . 0.0044 0.0110 0.20 2.41 1.69 4.10

« 4 « “ “ “ 1879, . . . 0.0018 0.0131 044 4.62 2.94 7.56

« 9 “ “ “ October, 1886, .... 0.0000 0.0173 0.41 2.78 2.20 4.98 1 1-2°

“ 9 “ below “ September, 1873, . . . 0.0030 0.0130 0.18 2.61 1.73 I 4.34
** 6 “ “ “ October, 1886, .... 0.0138 0.0244 0.40 3.22 2.15 5.37 1 1-2°

“ 2 “ above Haverhill, September, 1873, . . . 0.0033 0.0114 0.18 278 204 , 4.82

7 « “ “ October, 1886, .... 0.0058 0.0207 0.44 3.20 2.39 5.65 1 1-2°
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Comparisons of analyses made at intervals of years on chance
occasions are unsatisfactory, owing to the great variation that
occurs from time to time in the amount of impurity cine to natural
causes. The means for making a more sj’stematic examination of
river and pond waters would lead to a much more definite
knowledge of the proportion of artificial impurity in the streams,
of the rate at which the pollution of streams is progressing from
year to year, and of the effect that oxidation and other causes
have in the purification of running water.

Experiments on the Purification of Drainage.

The State Reformatoiy at Concord was visited early in the fall
by the Chairman and another member of the Board, and by your
Engineer, to examine the grounds used for sewage disposal, with a
view to establishing an experimental station for the purification of
drainage. The conditions being very favorable, the matter has
been carefully considered, and plans of works for carrying out the
proposed experiments are in progress.

Experiments on the Disposal of Manufacturing Refuse.
The Mystic Valley sewer conveys chiefly the drainage from

tanneries. This drainage is brought to the side of the Boston and
Lowell Railroad opposite the Upper Mystic Lake. Here it is lifted
by pumps into settling tanks, where the heavier matters are
allowed to deposit while the drainage is flowing through them.
The effluent from the tanks then flows through long ditches, and,
finally, is discharged into the Lower Mystic Lake. The oppor-
tunity here is very favorable for diverting a portion of the effluent
from the tanks to some nearly flat land in their vicinity, where an
experiment upon the disposal of this kind of drainage by land
filtration can be tried. The Boston Water Board has kindly con-
sented to arrange its works for carrying out these experiments,
and had partly done so when the cold weather stopped operations ;

it is expected that the required work will be finished in the spring,
and that the experiments will be made. The Boston Water Board
has also made arrangements for trying a chemical-precipitation
process of purifying this sewage, which will be watched with in-
terest.

Consultation with and Advice to Cities, Towns, etc., with
Reference to Water Supply and Drainage.

Under the provision that all city and town authorities, corpora,
tions, etc., shall submit to the Board for its advice outlines of their
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proposed plans and schemes in relation to water supply and
sewerage, the Board has had submitted to it plans or schemes
for sewerage at Medfield, Winthrop, Stoneham, Brockton, Bradford,
Orange and Taunton; also for the water supply of Bradford.
Its advice has also been asked by the Boston Water Board with
reference to the condition of some of the feeders ofLake Cochituate,
and by citizens of Westport with reference to a pond in that place.
All of these matters have »been finally acted on by the Board,
except those relating to the sewerage of Taunton and to Lake
Cochituate. Investigations of these are in progress.

When plans of water supply and sewerage have been submitted
to the Board, it has been the custom for the engineer, sometimes
accompanied by the Secretary of the Board, to examine the loca-
tion of the works, and to collect all available information for pre-
sentation to the Board. In several cases the whole Board, or
some members of it, have also visited the location of the proposed
works. In some cases the parties interested have been given a
hearing. In nearly every case the opinion of the consulting
engineer has been asked.

The different cases presented to the Board and the disposition
made of them will here be given briefly.

Medfield. Plans were presented by the town for the sewerage
of the more thickly settled portion. The scheme provided for a
main sewer to take sewage only, and to carry it to a plot of land
awa3r from the village, where it is to be disposed of by intermittent
filtration. The ground chosen for purifying the sewage is in a
favorable locality, as it is at a considerable distance from houses,
and as the purified effluent from the filter beds has to flow one or two
miles through small water-courses before reaching the Charles
River, into which the sewage of the town must eventually flow by
any practicable method of disposal. The Board gave two hearings
to parties favoring and opposing this plan and visited the location
of the works, after which the plans were approved without modi-
fication.

Winthrop. The advice of the Board was asked with reference
to a sewerage system to accommodate, at first, only the portion of
the town near the seashore occupied by summer residents ; but to
be extended later to other parts of the town.

The plans showed a system of pipe sewers designed to take the
sewage proper, and to exclude all or nearly all rain water. The
main sewer is to discharge into a storage tank made to receive and
store the sewage during high water, and to discharge it during the
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latter part of the outgoing tide through a pipe running out on
Winthrop Bar to about 1,000 feet from the shore.

These plans, presenting some unusual features, were the subject
of much consideration by the engineers and members of the Board.

The Board advised a number of changes in details, chiefly those
relating to the sanitary features of the scheme ; but, with these
changes made, they approved the scheme of sewerage as one well
adapted to the present condition of the town, and capable of meet-
ing its needs for a number of years to come.

Sionehaji. The drainage, committee of this town asked the
Board as to the practicability of disposing of the sewage of the
town on a tract of land bordering on Mill Street near the Linden-
wood Cemetery. The tract of land contained about five acres
that might be made available. The Board reported that, in its
opinion, it was not practicable to dispose of the sewage of the town
of Stoneham upon the tract of land indicated without injury to the
Mystic water supply ; and that the scheme proposed did not meet
with the approval of the Board.

Brockton. The plan of a proposed drain intended for surface
drainage was submitted to this Board for approval, action having
been takenby the local Board of Health, under the provisions of
the Public Statutes relating to lands in a cityr

, wet, rotten, or spongy,
or covered with stagnant water.

At the time this plan was submitted, surveys for a system of
sewerage for the city were being made, it being proposed to take the
sewage proper to an irrigation field and there purify it. The drain
was, however, considered an immediate necessity as a health meas-
ure to remove soil water, raised even above its normal level, and
seriously polluted by percolation from cesspools. In the future,
when the sewerage system has been completed and cesspools are
abolished, this drain will still continue to take storm and soil water,
the latter much less polluted than now ; it will not, however, receive
sewage.

The plan for this drain received the approval of the .Board.
Bradford. —The town authorities submitted a plan and report

upon a system of sewerage for that place. The system chosen is
the one commonly known as the combined system, sewage and
storm water being carried in the same sewers. The town is divided
into five drainage districts, each of which is to have a main sewer
discharging crude sewage into the Merrimack River. After making
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some suggestions with reference to changes at the outlets, the
Board approved the plans submitted.

The Bradford Water Company requested the advice of the Board
as to the most suitable source of water supply for the town. As
the most available sources which the\' wished to have considered
they named the following :

•* o
1. Merrimack River.
2. Chadwick’s Pond.
3. A ground-water supply from the side of the Merrimack

River in Bradford, about one and one-half miles above the town.
Analyses of water, taken from the river at various points from

Lowell to Bradford (see table on page 10, and discussion of the
same), indicated that the river was an undesirable source of supply ;

an opinion confirmed by statistics, which show that the amount of
sewage and other polluting matter put into the river is very large,
and is increasing rapidly from year to year.

Chadwick’s Pond has a large amount of shallow flowage, and
much vegetation growing near its margin and on its bottom.

The analysis of its water gave the following results, expressed
in parts per 100,000 :

Ammonia, 0.0002
“Albuminoid ammonia,” 0.0368
Fixed residue, 3,3
Volatile, 3.1
Total solid matter, ...... 6.4
Chlorine, 0.50
Nitrates, None.
Hardness, pro

The sample had a light tinge of brownish color, and was clear
and odorless. The residue on ignition showed considerable char-
ring.

The pond had the advantage of being almost entirely free from
sewage pollution, but its appearance and the analysis of its water
was so unfavorable, that it was considered by the Board an unde-
sirable source of supply, if a better could be obtained.

The location from which it was proposed to take the ground-
water supply was near the confluence of several small watercourses,
which empty by a single outlet into the Merrimack River, and which
drain quite a large territory. At the time the place was visited,
water was running in one of these channels some distance from the
river, while a short distance below, the channel was dry, the water
having disappeared into the ground. At the bank of the river,
water came from the ground above the reach of the tide.
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The surface indications therefore favored the view that the
ground was sufficiently porous to store a considerable amount of
water, which could he drawn upon during the dry season, and if a
very small part of the rain falling upon the drainage area percolates
through this ground to the river, and can be intercepted, a sufficient
supply for the town can be obtained. The drainage area was
quite free from causes of pollution, both present and prospective,
and there were no indications that the water would not be suitable
for a domestic supply as to purity and hardness.

The Board reported that nothing definite as to the quality and
quantitj- of water to be obtained from this source can be determined
from a superficial examination of the ground ; but that it was
of the opinion that the surface indications were sufficiently favor-
able to warrant making the necessary examinations to determine
both the quantity and quality of water that could be obtained.

The Board called attention to the necessitj’of constructing works
that should be sufficient!}" extensive to insure a sufficient supply of
ground water, as many cities and towns had failed in this direction ;

and it further recommended that the investigation of the water
supply from this source be intrusted to some competent and experi-
enced person, as there is danger of overestimating the permanent
yield of the ground ; and that both judgment and experience are
required to determine the best method of collecting an adequate
supply of ground water.

Orange. — The authorities submitted to the Board a plan and
report on a general system of sewerage.

It was proposed to build a system of pipe sewers on each side of
Miller’s River, which runs through the middle of the town; the
sewers to take sewage proper and roof water, and to discharge by
a single outlet on each side of the river below the thickly settled
portion of the town. The points for the discharge of the sewage
appeared to be well chosen, and the volume flowing in the stream
in dry weather is so large, that it does not seem probable that any
local nuisance, or any pollution which would affect its use for
purposes other than drinking, will result in the future from the
discharge of crude sewage. The question of water supply for all
places below Orange, both on the Miller’s River and on the Connec-
ticut into which it flows, was examined, and it was found that the
only place at present depending on either river for a water supply
was the village of Turner’s Falls, which was taking water from the
Connecticut River during the building of works for a supply from
another source.

The Board approved the method of sewage disposal submitted,
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as being well adapted to the present condition of the town and the
river, and as capable of becoming a portion of any scheme for the
purification of the sewage in the future, should the pollution of the
stream make such purification necessary.

Westpokt. This application related to the purity of the waters
of a pond very near the sea ; it being claimed that the waters of the
pond wT ere made brackish by the unnecessary admission of sea
water.

The Board after investigation decided that no evidence had been
presented which authorized them to take further action in the
matter.

Lake Cochituate. —The Boston Water Board asked the advice
of this Board respecting the condition of some of the feeders of
Lake Cochituate. The Water Board had formed some opinions as
to the proper method of treating the matter, but both with reference
to the purity of the waters of Lake Cochituate and to certain
malarial troubles of those dwelling in the vicinity of the lake,
alleged to have been caused by its condition, the advice of the
Board -was desired. The locality was visited by the whole of this
Board soon after the receipt of this application. The matter is
now under advisement.

Taunton. The Sewerage Commission of this city submitted a
report containing their conclusions as to the best method of dis-
posing of the sewage of the city.

Briefty stated they report that Mill River, which at present
receives the sewage of the city and the drainage from gas works,
etc., is at times offensive, and that, to prevent offence, it is desir-
able to straighten and wall the stream, to make the bottom concave,
to remove the lower dams, and to obtain the control of the water
of one or more mill privileges for the purpose of flushing ; with
these things carried out, they believe the river can carry the sewage
of the city for a long time to come.

The locality has been visited by a member of the Board and
your Engineer, and the subject is now being considered.

The chemical analyses given in this report were made by Charles
Harrington, M.D., one of the analysts of the Board.

Respectfully submitted,
F. P. STEARNS,

Engineer.
Boston, Jan.'S, 1887.
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ffiommonfaealt!) of fHassacfjusctts.

[Chap. 274, Acts of 1888.]
AN ACT TO PROTECT THE PURITY OF INLAND WATERS.

Be it enacted, etc., as follows :

Section 1. The state board of health shall have the general
oversight and care of all inland waters and shall be furnished with
maps, plans and documents suitable for this purpose, and records
of all its doings in relation thereto shall be kept. It may
employ such engineers and clerks and other assistants as it may
deem necessary: provided , that no contracts or other acts which
involve the payment of money from the treasury of the Common-
wealth shall be made or done without an appropriation expressly
made therefor by the general court. It shall annually on or before
the tenth day of Januar}” report to the general court its doings in
the preceding year, and at the same time submit estimates of the
sums required to meet the expenses of said board in relation to the
care and oversight of inland waters for the ensuing year; and it
shall also recommend legislation and suitable plans for such sys-
tems of main sewers as it may deem necessary for the preservation
of the public health and for the purification and prevention of
pollution of the ponds, streams and inland waters of the Common-
wealth.

Sect. 2. Said board shall from time to time as it may deem
expedient, cause examinations of the said waters to be made for
the purpose of ascertaining whether the same are adapted for use
as sources of domestic water supplies or are in a condition likely
to impair the interests of the public or persons lawfully using the
same, or imperil the public health. It shall recommend measures
for prevention of the pollution of such waters and for removal of
substances and causes of every kind which may be liable to cause
pollution thereof, in order to protect and develop the rights and
property of the Commonwealth therein and to protect the public
health. It shall have authority to conduct experiments to deter-
mine the best practicable methods of purification of drainage or
disposal of refuse arising from manufacturing and other industrial
establishments. For the purposes aforesaid it may employ such
expert assistance as may be necessary.
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Sect. 3. It snail from time to time consult with and advise the
authorities of cities and towns, or with corporations, firms or
individuals either already having or intending to introduce sj'stems
of water supply or sewerage, as to the most appropriate source
of supply, the best practicable method of assuring the purity
thereof or of disposing of their sewage, having regard to the
present and prospective needs and interests of other cities, towns,
corporations, firms or individuals which may be affected thereby.
It shall also from time to time consult with and advise persons or
corporations engaged or intending to engage in any manufacturing
or other business, drainage or refuse from which may tend to
cause the pollution of any inland water, as to the best practicable
method of preventing such pollution by the interception, disposal
or purification of such drainage or refuse : provided , that no per-
son shall be compelled to bear the expense of such consultation or
advice, or of experiments made for the purposes of this act. All
such authorities, corporations, firms and individuals are hereby
required to give notice to said board of their intentions in the
premises, and to submit for its advice outlines of their proposed
plans or schemes in relation to water supply and disposal of drain-
age or refuse. Said board shall bring to the notice of the attorney-
general all instances which may come to its knowledge of omission
to comply with existing laws respecting the pollution of water
supplies and inland waters and shall annually report to the legisla-
ture any specific cases not covered by the provisions of existing
laws, which in its opinion call for further legislation. [Approved
June 9, 1886. 1






